The mechanism of wetting phenomena on uniform substrates has been a topic of recent experimental [1] [2] [3] [4] [5] [6] and theoretical [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] According to the first theoretical studies [11, 13] it was believed that the major physical parameter conditioning the mode of wetting at low temperature was the relative substrate interaction strength. It was suggested that complete wetting should occur for sufficiently attractive substrates. However recent experiments [3, 4] contradicted these predictions and showed that the type 2 mode of growth was reentrant [4] . In [26, 27, 29] or to the shape and magnitude of the adsorbateadsorbate and adsorbate-substrate potentials [28] . Although much progress has been made on the understanding of the mode of wetting at low temperature, the problem is far from being completely [12, 16, 31] or renormalization group [32] contexts that for short-range forces the transition can be either continuous or first order. As for long range van der Waals forces, the prediction is that wetting can only be first order [31] [32] [33] .
In this paper, we describe an experimental contribution to the analysis of wetting phenomena and present strong evidence that a solid film can undergo a first-order wetting transition. The experiment has been carried out on CF4 multilayers adsorbed on graphite. The CF4 interaction is usually modelled by a Lennard-Jones potential [34] . Furthermore, given the value of the isosteric heat of adsorption of the CF4 monolayer [39, 50] , it is reasonable to assume that the graphite-CF4 interaction is of the van [38] .
The Bayard-Alpert gauge was calibrated at room temperature against a Baratron gauge. A JT thermomolecular correction has also been made to account for the temperature difference between the CF4 gas and the graphite crystal.
Before starting an experiment, the cleanliness and the long-range order of the surface were checked by observing first the bare graphite LEED pattern and then the well-known structures of the CF4 adsorbed monolayer quoted in the literature [39] [40] [41] .
The thickness of the film was measured as follows [5] . Beginning with the bare substrate at constant temperature and a base pressure in the 10-11 torr range, the pressure was raised abruptly by introducing CF4 gas through a leak valve to a constant value p. The time required to condense a monolayer was determined by observing the evolution of the LEED pattern. At around 40 K, the structure at monolayer completion is composed of doublets [39] figure 1 b. It corresponds to a photograph displayed in reference [5] . This RHEED pattern is the signature of a layer by layer condensation. The modulation of the streaks is a well-known effect and results from the finite penetration of the grazing incidence beam [42] .
Hence [39, [44] [45] [46] . In our study, the variation of the intensity of the 01 LEED graphite peak was measured at constant temperature by using a spot photometer. The figure 2 . It is recorded as follows. The temperature of the graphite crystal is kept constant and CF4 gas is admitted through a leak valve. The introduction of the gas is slow enough to be always in quasi-equilibrium conditions. The total recording time was about 10 minutes. A sudden drop of the graphite 01 beam intensity is observed as soon as the gas is admitted. It corresponds to the adsorption of the first layer for which the equilibrium pressure is too low to be measured Then second and third steps occur at 9.7 x 10-' and 1.17 x [47] [48] [49] , given the limited number of experimental points. figure 2 . They are all consistent with complete wetting of the CF4 film above 37 K. Unfortunately, it is impossible to measure adsorption isotherms below the wetting temperature because at low T the bulk equilibrium vapour pressure falls much below 10-11 torr. However adsorption kinetics measurements can be carried out. They will be reported in paragraph 3. 3 .
The position of the second and third vertical steps obtained at different temperatures are plotted on the vapour pressure-inverse temperature phase diagram in figure 3 . The experimental points and their best- Fig. 3. -Vapour pressure vs. inverse temperature phase diagram for CF4 on graphite (0001). The steps corresponding to the adsorption of the 2nd and 3rd layer obtained from our LEED graphite intensity isotherms are plotted in the box. Within the temperature range of the measurements, the complete layers are solid (s). The gas-solid transitions in the 2nd and 3rd layers are called 2s and 3s respectively. The figure represents all the available p vs. 1 / T data. The gas-solid transition in the first layer (Is) is taken from reference [39] . The notations 11, 21, 31 correspond to the gasliquid equilibrium in the first, second and third layers at higher T, obtained from reference [50] [50] and [40, 41] [40, 41, 52] ).
Adsorption isotherm measurements obtained by volumetry [50] were devoted to the study of the coexistence of the gas and liquid phases in the first, second and third layers condensed on graphite. They are plotted in the top left-hand part of the figure. The critical temperature of the first Tc(1) and of the second Tc(2) layers are 99 and 106 K respectively (let us recall that the bulk critical temperature T,(3D) is 227.5 K). The triple point temperature T,(I) of the first adsorbed layer has been estimated by neutron scattering (77 K) [40, 52] and by X-ray diffraction (75.5 K) [41] . We placed it on the extrapolation of the liquid-gas coexistence line of the monolayer. The triple points of the second and third layers are not known but they must be located between T,(I) = 77 K and T,(3D) = 89.5 K, the bulk triple point. The sublimation pressures of bulk liquid and solids plotted in figure 3 come from reference [51] . Below 76.2 K, the 0153-CF4 structure is stable.
LEED measurements of the gas-solid coexistence in the monolayer range have also been obtained [39] . They are reported in the bottom of figure 3 . The best-fit lines through the LEED second and third layer points have the same slope within experimental uncertainty (3.9 ± 0.1 kcal mole-1 ) ; this value is close to the bulk latent heat of sublimation (4.01 kcal mole-1) measured at higher temperature in the a-CF4 solid domain [50, 51] . We know, from our LEED measurements (see Fig. 2 ) that the bulk vapour pressure is only -10 % larger than the equilibrium pressure of the third layer. Hence, the third layer gas-solid coexistence line represents a good approximation of the bulk sublimation pressure in the same temperature range. Its extrapolation to higher pressure is in good agreement with the data of reference [51] All the data reported here are consistent with the existence of a first order wetting transition at 37 K for CF4 films adsorbed on graphite (0001) single crystals. This transition occurs far below the melting of the film (89.5 K) and is not related to any known structural transition in the adsorbed monolayer [39] [40] [41] or in the bulk solid [43] . Hence, the available information indicates that the layering-clustering phase change at 37 K is a genuine wetting transition. In this system, the crystalline cohesion mainly results from van der Waals interactions that are known to be long range forces. As recalled in the introduction, the latest theoretical works predict that for such forces the wetting transition must be first order. Our experimental observations confirm this prediction.
The above wetting transition was anticipated a few years ago [50] by extrapolating, to low T, multilayer adsorption data. However the adsorption isotherm measurements were carried out in the liquidgas coexistence domain of the 1 st, 2nd and 3rd adsorbed layers. The extrapolation of the coexistence lines towards temperatures for which the layers were solidified, was obviously not correct and gave an expected wetting temperature which was much too high. Still, the proposed wetting transition was an interesting suggestion and partly motivated the present study.
Finally, we would like to stress the importance of the structural changes during the film growth. We unambiguously showed that, around the wetting temperature, the long range order of the double layer disappears as soon as a third statistical layer is deposited. Then [53] ; ethylene/boron nitride [54] ). Another four articles examined the nature of the wetting transition with different statistical models [55] [56] [57] [58] . The basic results which were summarized in the introduction remain unchanged. According to the terminology of reference [58] , the transition reported here corresponds to a thin film-thick film transition.
